Proteins are unfolded on the surface of the ATPase ring before transport into the proteasome.
The 19S component of the 26S proteasome contains six ATPase subunits. To clarify how they unfold and translocate proteins into the 20S proteasome for degradation, we studied the homologous archaebacterial proteasome-regulatory ATPase complex PAN and the globular substrate GFP-SsrA. When we attached a small (Biotin) or large (Biotin-Avidin) moiety near its N terminus or a Biotin near its C terminus, GFP-SsrA was unfolded and degraded. However, attaching Avidin near its C terminus blocked passage through PAN and prevented GFP-SsrA degradation. Though not translocated, GFP-Avidin still underwent ATP-dependent unfolding. Moreover, it remained bound to PAN and inhibited further proteolysis. Therefore, (1) translocation and degradation of this substrate require threading through the ATPase in a C to N direction and (2) translocation does not cause but follows ATP-dependent unfolding, which occurs on the surface of the ATPase ring.